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Valence quark and meson cloud contributions for the 7*A — )■ A* and 7*E'' — )■ A* reactions 
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We estimate the valence quark contributions for the 7*F — >■ A* {Y = A, E") electromagnetic 
transition form factors. We focus particularly on the case A* = A(1670) as an analog reaction with 
7*A'^ — >■ A'^(1535). The results are compared with those obtained from chiral unitary model, where 
the A* resonance is dynamically generated and thus the electromagnetic structure comes directly 
from the meson cloud excitation of the baryon ground states. The form factors for the case Y = TP 
in particular, depend crucially on the two real phase (sign) combination, a phase between the A and 
A* states, and the other, the phase between the A and S" radial wave functions. Depending on the 
combination of these two phases, the form factors for the 7*2" — > A* reaction can be enhanced or 
suppressed. Therefore, there is a possibility to determine the phase combination by experiments. 



I. INTRODUCTION 

With the development of the modern accelerators the 
study of the meson and light baryon structure has been 
becoming one of the most exciting topics in physics. Al- 
though the underlying theory of strong interaction, quan- 
tum chromodynamincs (QCD), is known for a long pe- 
riod, its complexity in low energy region forces us to use 
some effective theories (aside from lattice QCD), either 
based on the quark and gluon degrees of freedom, or some 
effective interactions between the mesons and baryons. 
Among the various possible meson-baryon reactions, the 
reactions that involve strangeness are particularly inter- 
esting, due to the accessibility of the modern accelerators 
to strange particles such as kaons, K, antikaons, K, and 
hyperons, S and A. 

In this study we focus on the electromagnetic excita- 
tions of A hyperon ground state. The A ground state, 
A(1116) is — 5^ and belongs to the spin 1/2 octet 
baryon multiplet, in which also the nucleons belong. The 
lowest mass of the A excited state (A*) reported by the 
particle data group [l| is A(1405), a = i state. 
The A(1405) state has collected a lot of interests over 
the years for the reasons following: (i) it has been sug- 
gested as a dynamically generated state (molecular-like 
state) composed largely of the ttS and KN states 0- 
0]; (ii) it is difficult to classify in terms of naive quark 
models based on SU (6) symmetry. In the representation 
of spin-flavor SU{Q) symmetry the A(1405) state can be 
a mixture of three distinct 3-quark states including the 
A-singlet state However, its mass is difficult to 

predict in Karl-Isgur model [1], as well as in cloudy bag 
model (CBM) [9|. In CBM the A(1405) was interpreted 
primarily as a KN bound state Thus, there is a 



strong indication that the A(1405) is a dynamically gen- 
erated meson-baryon molecular-like state with a single 
or a double pole structure (9.-il9i|. In particular, it was 
demonstrated that the A(1405) is composed substantially 
of the meson-baryon components within the chiral uni- 
tary model [l^. Nevertheless, there are some works that 
support the A(1405) as a 3-quark state [20l - [23 |. 

Therefore, to study the 7*A — >■ A* reaction is very in- 
teresting also by the reasons following. In one aspect 
this reaction has a possible analogy with the 7*iV — > 
TV* (1535) reaction. Because 7*A — > A* is a transition 

between a J-^ = ^ and a, — \ states, we have 
a possibility to interpret the A(1405) as a p-state exci- 
tation of one quark in the ground state A(1116), analo- 
gous to A^* (1535), a p-state excitation of the nucleon fg^] . 
However, the A(1405) has considerably lower mass than 
iV*(1535). Furthermore, it has a larger mass difference 
with the nearest d-state partner A(1520) compared to the 
case of TV* (1535) and A^*(1520). The mass order is even 
reversed for the A(1405) case. Because of the reasons 
discussed above, it is very difficult to interpret naively 
A(1405) as a simple p-state excitation of A(1116). 

Searching for the next higher mass excited state of 
A(1116) with = i", one finds A(1670), which can 
be an analogous with excitation of the nucleon, 
TV* (1535). Since S° is the neutral E ground state (J^ = 
i^) which belongs to the spin 1/2 octet baryon multiplet, 
and the 7*S° A* reaction is similar to the 7*A — ^ A* 
reaction, we also focus on the 7* TP — J> A* reaction in this 
study. Because the A(1116) and S°(1193) are similar in 
masses, the two reactions differ mainly in the initial state 
quark configurations. As for the other interesting aspect, 
we note that the A(1670) resonance can also be described 
as a dynamically generated meson-baryon state [l^, [l^ , 
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and the — > A* transition form factors for Y ~ K, Yp, 
were calculated in chiral unitary model [l7j. 

In the previous works, a valence quark model was ap- 
plied to study the N — > Af*(1535) reaction, and the 
corresponding transition form factors and helicity ampli- 
tudes were studied [H, [^^l ■ The reaction was also stud- 
ied in a coupled-channels chiral dynamics (chiral unitary 
model) [2^. In the chiral unitary model the contribu- 
tions for the transition form factors come entirely from 
the meson-baryon states (meson cloud effect). For the 
7*A^ — T' TV* (1535) reaction the transition form factors 
Fi (Dirac-type) and Fj* (Pauli-type) can be expressed 
in terms of the transverse (-A1/2) and longitudinal (6*1/2) 
helicity amplitudes [2^, [2g|. In Ref. [23] . it was found 
that the can be explained very well just taking into 
account the valence quark effect. By contrast, the meson 
cloud seems to play a very important role for the F2 , in 
particular in the low region (2^ . Then, such different 
roles between the valence quark and meson cloud effects 
may be reflected in the experimentally extracted helicity 
amplitudes S1/2 and Ajj2. This possibility was indeed 



24|. We will briefly review also 



demonstrated in Ref. 
these results. 

Therefore, one of our main motivations of this study 
is to investigate whether or not the different roles of the 
valence quark and meson cloud effects observed for the 
7*A^ — ^ A^*(1535) reaction, can also be observed in the 
7*y — ^ A* reactions with y = A and E". In particu- 
lar, we focus on the structure of A(1670) in this study. 
Assuming that A(1670) is a radial p-state excitation of 
A(1116), we estimate the valence quark contributions for 
the 7*F — > A* transition form factors as well as the he- 
licity amplitudes. For this purpose, we use the covariant 
spectator quark model [23, 27 29], which was successfully 
applied to the study of the 7*A^ — > iV*(1535) reaction. 
The results of the covariant spectator quark model for 
the 7*y — > A* reaction are also compared with those ob- 
tained with the chiral unitary model [17], where the A* 
is generated as a meson-baryon molecular-like state such 
as the NK, Ai] and EK states. Then, one of the interests 
is the structure of the A(1670) state, namely, how it can 
be interpreted, either it is predominantly a meson-baryon 
molecular-like state, or dominated by the 3-valence-quark 
state. Furthermore, we also show that the 7*S° A* 
transition form factors depend crucially on the combi- 
nation of the two unknown real phases (signs), a phase 
between the A and A* three-quark wave functions (to be 
denoted by tja*), and a phase between the A and TP wave 
functions (to be denoted by ?7aso)- 

This article is organized as follows. In SeclUwe define 
the 7*F — A* (F = A, E°) transition form factors, and 
their relations with the helicity amplitudes. In Sec. lIIII we 
present the covariant spectator quark model and estimate 
the valence quark contributions for 7*y A* (Y ~ 
A, E°). We discuss in Sec.|TV]the A(1670) state based on 
the chiral unitary model, and estimate the contributions 
from the meson-baryon states in the 7*y — > A* (F = 
A, S") reactions. In Sec. |V]we present the results from 



the both models, and give discussions. Finally in Sec. IVII 
we give conclusions of the present study. 



II. FORM FACTORS AND HELICITY 
AMPLITUDES 



The 7*y — >■ A* electromagnetic transition current for 
Y a strangeness S = —1 and — state, and A* a 
— h excited state of the A ground state (J^ = i^). 



can be represented as [23|, |2 



Jy 



r 



Ma. + My 



75, 

■(1) 

where F^ {i = 1,2) are the transition form factors, 
and q the four-momentum transfer (defined below) with 
= —q^. The factor e is the absolute electron charge 
given by e = y/ina with a being the electromagnetic fine 
structure constant. Note that the form factors are frame 
independent since Eq. ([T]) is Lorentz covariant. We are 
particularly interested in the cases Y — A and E" in this 
study. 

The current Jy can be projected on the initial 
state uy{P^,Sz) and final state u\'-{P+, S'^) Dirac 
spinors, where P_ iP+) is the initial (final) momentum, 
q = P+ — P_, and Sz {S'^) the spin projection. 

More familiar matrix elements may be the helicity am- 
plitudes. In this case the current Jy is projected on the 

photon polarization states where the polarizations 
can be longitudinal (A — 0) or transverse (A = ±). As 
the photon polarizations depend on the frame the helic- 
ity amplitudes are frame dependent. The most common 
choice of the reference frame is the final state rest frame, 
A* at rest. In this frame we can define the transverse 
^-"^"^ longitudinal {S^^^) helicity amplitudes as [2^ 



.(+) 



Jy 



2'Ka 1 



Y,Sz 



2/' 

(2) 

i\ |q|y 



with a = and 



_ Ml - Mj- 
2Ma. 



2/ Q ' 
(3) 



(4) 



In the above ]q]y is the absolute value of the photon 
three-momentum q in the A* rest frame, 

1^"^ 2Ma^ • 

The subindex Y is to label the initial state. 
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In the A* rest frame we can relate the helicity amph- 
tudes with the form factors 12(1: 



Y Ma- - My 



= V2b{MA- + 



Ma' + My 

'q|y 



MA.~My y _ y 

Ma- + My ^ 2 



with 



T = 



(Ma- + MyY ' 



and 



b = e\ 



8My{Ml, - M2) 



(6) 
,(7) 

(8) 
(9) 



III. SPECTATOR QUARK MODEL 



In the spectator formahsm j3Cl| - l32l | a baryon is rep- 
resented as a 3-quark state and the wave function is 
expressed in terms of the corresponding baryon spin- 
flavor [13, m, [3^. Then the baryon system is decom- 
posed as an off-mass-shell constituent quark, free to in- 
teract with electromagnetic fields, and two on-mass-shell 
quarks. Integrating over the on-mass-shell momenta we 
reduce the baryon to a quark-diquark system which has 
an effective diquark mass mu p?! . Issl . |34 | . 

The electromagnetic interaction with the quark is de- 
scribed in terms of a vector meson dominance (VMD) 
parametrization (to be described later), that simulates 
the constituent quark internal structure. The quark 
structure parameterizes effectively the interactions with 
gluons and quark-antiquark polarization effects. The 
quark electromagnetic current was calibrated previously 
by the nucleon and decuplet baryon data [23, H^, and 
also tested in the lattice regime for the nucleon elas- 
tic reaction as well as for the 7iV — >■ A transition [2^, 
m, US 13 • The model was also applied to the physical 
regime to st udy th e octet baryon and decuplet baryon 



systems [28|, [37 
nucleon and A 



and some of the excited states of 



A. Wave functions 

We next discuss the spin-flavor-radial wave functions 
of the systems relevant in this work, namely. A, YP, and 
A* , where A* is interpreted as a 3-quark excitation of the 
A ground state with negative parity. The structure of the 
A and systems are based on Ref. [285, which studied 
the octet baryon electromagnetic properties. As for the 
A*, based on the structure considered for the A^*(1535) 
in Ref. [2^, we generalized it. 



Spin-flavor wave functions 



In Ref. (28| it was shown that the octet baryon systems 
can be described reasonably well in an S-state configu- 
ration for the quark-diquark system, and that the same 
structure of wave function applies for all the members 
of the octet baryons except for the flavor states. The 
general structure of the wave function is written by (28j 

«'y(P,fc) = i= [^°s\Ma)y + ^1\Ms)y] ^^Y{P,k), (10) 

where P is the total momentum of particle Y, k the 
diquark momentum, ipy is the radial wave function, 



and 



iO,l 



are the spin wave functions. The flavor wave 



functions are presented in Table HI The spin wave func- 
tions (the same for all the octet members) are expressed 

as miillii, 



s - Uy{P,S^), 



where Uy is the vector-spinor [l^, Ec 



U^{P,.s)^-^j, 



r-^]uyiP,S. 



(11) 



(12) 



and uy{P,Sz) the F-Dirac spinor with the spin pro- 
jection Sz- In Eq. ([TT|). ep{XD) with Ad = 0,± 
are the spin-1 diquark polarization states defined in 
the fixed-axis representation as a function of the Y- 
momentum [27,. ,45j . For later discussions, we note that, 
even the flavor states can be well defined, the total wave 
functions can have sign ambiguities due to the normal- 
ization constants for the radial wave functions ipy . Note 
however, that the sign is not relevant for the elastic re- 
actions like the A and S electromagnetic form factors, 
since the results are proportional to the integral with the 
product of the two (real number) functions ^y , although 
they have different arguments [28| . 

As for the A* state with = ^ , we use the anal- 
ogy with the N*{1535) to represent the corresponding 
wave function. Assuming as in Ref. |23j] that the A* is 
dominated by the internal quark states with a total spin 
1/2 and has no P-states inside the diquark (pointlike di- 
quark), it is written by 



^A'iP,k) 



1 



V2 



A A 



$A|M5)A]V^A-(P,fc),(13) 



where <I>p and ^\ are the spin states to be defined shortly, 
and ^A* the A* radial wave function. Note that the A* 
and A are described by the same flavor wave function (se e 
Table H]). The states $p,A are defined respectively by [23j . 



$p(±) = -75A/';- \{so ■ fc)wA-(±) - V2(e± • ~k)uA'{T) 



<i>A(±) = 75A/X- (£0 • fc)4C^A- (±) - V2(e± . k)slU^, (T) 



(14) 
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Y 


|Ms)y 




\Ma)y 


A 


^ [(dsu — usd) + s(du 


-ud)] 


-^j= [s{du — ud) — (dsit — usd) — 2(du — ud)s] 


1 

^ TTf 


[s{du + ud) + (dsit + usd) 


— 2(ud + du)s] 


i [{dsu + usd) — s(itd + du)] 



TABLE I: Flavor wave functions of A and TP. 



where ± hold for the spin projections ^2 — ±i, and Eq 
is a short notation for sp (0) of the diquark polarization 



associated with the A* 
factor, and 



and A/"*, is the normalization 



k^k 



P -k 



-P. 



(15) 



This last four-momentum reduces to the diquark three- 
momentum in the A* rest frame. As for U^, , it is defined 
by Eq. ([T^ with My — >■ Ma* . The normalization factor 
A/X» can be represented as 



(16) 



where N — 1/v— fc^, and r/A. is a relative phase (sign) 
between the A and A* states to be discussed later. 

The states $p and ^\ in Eq. are constructed re- 
spectively to be antisymmetric and symmetric for the 
interchange of the quarks 1 and 2 (23j . 



2. Radial wave functions 



where P — (My, 0,0,0) is the F-momentum in its rest 
frame, and J^, stands for / 2gj(27r)i' ' where Eo is the 
diquark on-mass-shell energy. Note that Eq. ([T^ only 
determines the magnitude of Afy, but not the sign. 

For the A* wave function, we take also the form of 
Eq. (ITS)) , except that xy is replaced by xa* , meaning that 
the My is replaced by Ma* . This choice is equivalent to 
state that the A and A* have the same radial wave func- 
tion, and they are distinguished only by the spin states. 
It also means that the normalization constants in the ra- 
dial wave functions. A/a and A/a* are equal^ and therefore 
have the same sign. 

We can now discuss the sign ryA* in Eq. ^TM . Since 
it is already assumed that the normalization constant of 
the radial wave function Aa is positive, rjA* defines the 
sign of the 7*A — > A* transition form factors. Because 
we have no clue for the sign of the form factors till the 
date, we will keep the factor tja* in the following equa- 
tions. We call also attention that the sign correspond- 
ing to the 7*iV — ^ A^*(1535) reaction is equivalent to 
r]\t = 1, where this was determined by the experimen- 
tally extracted sign for the form factor Fj* [23t . 



Since the baryon and the diquark are on-mass-shell in 
the spectator quark model, we can represent the baryon 
radial wave function in term of (P — k)^. We can use 
then the dimensionless variable, 



XB 



[Mb ~ mp)^ - {P - k)^ 



(17) 



where Mb is the mass of the baryon B and mo the di- 
quark mass. Following Ref. jl^, we take the form for the 
Y (= A, I]°) wave functions. 



V^y(P,fc) 



A/V 



nT-z?(/3i +XY)il33 + XY)'' 



(18) 



where the values of f3i and fS^ were fixed in Ref. i28] as 
/3i = 0.0440 and ^3 = 0.7634, and JVy is the normal- 
ization constant. We assume that J\fy is positive. While 
/3i parameterizes the spacial long-range distribution of 
the quarks which are dominated by the light quarks, 
regulates the short-range structure in a system with only 
one strange quark. The normalization constant, A/V, is 
determined by the condition. 



\^Y{P,k)\' 



1, 



(19) 



B. Electromagnetic transition current 

The electromagnetic current for the transition j*Y — 
A* in a relativistic impulse approximation is given by (27 

lli,!!! 



Jy 



3eJ2 ^A'{P+,k)j;;^y{P^,k), 



(20) 



where F = {s, A^} (the scalar diquark s, and the vector 
diquark polarizations Ad = 0,±1), and is the quark 
current operator associated with the quark 3. The factor 
3 accounts for the contributions from the quark pairs 
(13) and (23) [the same contribution as that from the 
pair (12)]. 



^ For the radial wave functions with the structure of Eqs. JTtJ 
and JTSj, the normaUzation condition given by Eq. I I19I I uses 

Xb = 2 (^^^ — 1^1 which is independent of the baryon mass. 
As a consequence, the normalization constant is independent of 
the baryon mass. 
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Juark current 



The 
as [2II2 



uark current 



(in e units) can be represented 



Jq 



^ jir 



'J2- 



where M is the nucleon mass, and 



(21) 



(22) 



and ji (i = 1, 2) are the Dirac and Pauh quark operators, 
respectively. The inclusion of the term /q^ in the 
quark current is equivalent to use the Landau prescrip- 
tion [4^ ll^l to the final electromagnetic current. The 
term restores current conservation but does not affect 
the observables calculated (46j . 

The operators jt (i = 1, 2) act on the fiavor states 
\Ma)y and \Ms)y written in terms of the symmetry with 
respect to the quark 3. The operators ji can be decom- 
posed into the sum of S't/(3)-space operators [28ll33j. 



6" 



6" 



(23) 



where Aq = diag(l,l,0), A3 — diag(l,— 1,0) and As = 
diag(0, 0, — 2), and fin {i — 1,2, n — 0,±) define the 
constituent quark form factors. The operators act on the 
third quark, where the quark wave function is represented 
by q — (uds)"^ . 

The quark electromagnetic form factors are normalized 
as /i„(0) = 1 (n = 0,±), /2±(0) = n± and /2o(0) = 
Ks- The isoscalar (k+) and isovector (k_) anomalous 
magnetic moments are related with the u and d quark 
anomalous magnetic moments by — 2/t„ — Kd and 
K_ = |k„ — ^Kd [13]. As for Kc it is the strange quark 
anomalous magnetic moment (ssl . . 



meson with mass Mh — 2M to represent the short-range 
phenomenology. For the isoscalar component it should 
be TTiv = m^, but we neglect the small mass difference 
between the p and uj mesons, and use nip. The coef- 
ficients co,c± and do,d± were determined in the previ- 
ous studies of the nucleon (model II) [l^l and fl" [ssj . 
The values are respectively, c_|_ ~ 4.160, c_ = 1.160, 
d+ = (i_ = -0.686, Co = 4.427 and do = -1.860 
The parameter Xq = 1.21 is fixed to give the correct 
quark number density in deep inelastic scattering [2^ . 

In this study we use the values of the parameters deter- 
mined by the study of the octet baryon electromagnetic 
form factors [28j : 

Ku = 1.6690, Kd = 1.9287, = 1.4620. (25) 

With the wave functions (fTU]) and one can write 
the quantity in Eq. ([^0]) as 



A 



r ^ 



2M 



(26) 



where 



jf = A{MA\MMA)Y, 

= a{Ms\MMs)y, 



(27) 



for i — 1,2, and they are the coefficients that en- 
capsulate the flavor effect [1^ [s^, |4l|, and A — 
U^.ipA' {P+,k)iljY{P^,k). In Eq. (gH) the sum in the di- 
quark polarizations Xjj is implicit for the vector diquark 
contributions (terms in <j)g). 

The calculation of the coefficients jf''^ {i — 1, 2) gives. 



2. Quark electromagnetic form factors 



To parameterize the quark current ()23p . we adopt 
the structure inspired by the vector meson dominance 
(VMD) mechanism as in Refs. [27, 3^: 



fl± = Xq + (l - Xq)- 



/lO - A, + (1 - Xq) , + COTTTT— 75^, 



rrij 

t2 



(Ml 



/2±=«;±^d±3^^ + (l-d±^ " 



2 ,r2 ~1 



/20 = Hsldo 



2 _L n2 



+ (1 - do) 



Mi 



(24) 



where m^, m0 and are the masses respectively corre- 
sponding to the light vector meson rriv ~ mp, the ((> me- 
son (associated with an ss state), and an effective heavy 



for the 7*A — A* reaction, and 
1 



— (/,+ -4/,o). 



jf = 



(28) 



(29) 



for the 7*I]° — > A* reaction. In the case of 7* A — >• A* the 
coefficients are the same as ones calculated in Ref. f2^ 
for the elastic A electromagnetic form factors. As for 
the 7*S° — >■ A* reaction, they are explicitly calculated, 
and the coefficients are the same as those for the reac- 
tion 7* A — )■ E°, and reflect the isovector nature of the 
reaction [i^. In both reactions, there is no interference 
between the |Ma)f and \Ms)y states which are in the 
initial and final states. 

Note that, in the second term in Eq. (1^^ there is a 
dependence on the diquark polarization vectors Sp^ (Xd) 

and Ep* (Ad). As already mentioned, these states are de- 
fined according to the fixed-axis representation (45j and 
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depend also on the masses of the final (A/a. ) and initial 
(Afy) states, respectively. Taking into account the sum 
in the diquark polarization states we have [4Q . i45i] , 



-a P. 



pa. 

P+P- 
P+P- 



P^ 



P+P- 



(30) 



with 



Ma- My 



P+ ■ P_ (Ma. My + P+ ■ P-] 



(31) 



The calculation of the current \2Q\ is carried out by 
the reduction from Eq. (pS)) to the evaluation of a few 
matrix elements. We present in Appendix lAl the explicit 
expressions for these matrix elements. 

The final result is given by, 



5 la-^Qu 



75, 



(32) 



where 



:Iy{Q^) = -VA' / iV(£o-fc)V'A-(P+,fc)V'y(P-,,fc).(33) 

The integral Xy is covariant and includes the radial de- 
pendence of the wave functions. We call ly the overlap 
integral. 



C. Form factors 

Combining Eqs. ([T]) and ((32)) with the coefficients in 
Eq. ([28l) . we obtain the form factors for the 7* A — )• A* 
reaction, 

PiiQ') - I - 2/io(g^)] Ia, (34) 



(35) 



As for the 7*!]° — > A* reaction, using Eq. (|29|) and we 
obtain: 



Ff(Q2^ 



1 



/i-(Q')is, 



(36) 



F^iQ^)^^^^f.AQ^)'^^I.. (37) 



Note that the presence of the factor 2Af in the form factor 
expressions, which is a consequence of the quark Pauli 



current expressed in terms of the nucleon mass M [27|, |33| 
in Eq. (HI]). 

The overlap integral ly can be evaluated in the A* rest 
frame to give a simple expression j23j . 

Iy{Q^)^VA' I i^^A.(P+,fc)^y(P-,fc), (38) 



. Ik 



where 



P_ = (i;y,0,0,-|q|y), P+ = (AfA., 0,0,0), (39) 



M;(.+Mj-+Q-^ 
2Ma. 



|q||- 



with Ey = ^/M, 

From Eq. (|38|) we may conclude that the signs of the 
overlap integrals for F = A and F = S depend on the rel- 
ative sign of the A and E scalar wave functions. Defining 
the factor, 



?7AS 



A(aA(s 
IAAaAAs 



(40) 



which gives the relative sign between the A and S radial 
wave functions, we can write in the limit A/a — M-^o as. 



sgn(Is) = Vat." x sgn(lA) 



(41) 



This result is equivalent to state that the relative sign 
of the integrals Ia and Xs is given by the relative sign 
of A/a and A/s (or tja-e")- Since Ma and Afs" values are 
close, it is expected that the relation (|4ip holds also for 
a certain region of Q^. The phase t^as" is unknown at 
present, as the same reason for the sign of the 7* A — T,^ 
transition magnetic moment /iAE" is unknown pj. If the 
sign of /^As" is determined, we may be able to fix the sign 
for the 7*2" — >■ A* transition form factors within the 
present approach. Therefore, although we will assume 
Vat," = 1 in the presentation of our results later, we will 
also discuss the alternative sign possibility. 

For later discussions, it is also important to mention 
that the integral ((33|) has a behavior. 



(42) 



for small |q|y. Recall that \q\Y, given by Eq. ([5]), is the 
photon three-momentum in the j*Y — ^ A* reaction in 
the final A* rest frame. See Appendix C of Ref. [2^ for 
the derivation of the relation (|42)) . 

We can now discuss the range applicable for the 
present model. From the definition of the transition form 
factors ((1]), we can conclude that the Dirac-type form fac- 
tor should be zero or vanish when — >■ 0. However, 
in the present case if Ma- 7^ My, it results to F^{0) ^ 0. 
That is a simple consequence of the relation (|1^ . from 
what we can conclude that If(0) 7^ in the case ~ 0, 

when |q|y — |q|oF = — « ^ • This result is equivalent 
with that the Y and A* states are not orthogonal in the 
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spectator quark model^. The two states would be orthog- 
onal only m the case Ma. = My, when |q|oy = 0. We 
can regard the states are approximately orthogonal when 
|q|oy is very small, which leads to ^^^(O) « 0. Then, we 
can assume that the condition ly (0) ~ is satisfied when 
Q' » Hly 

Interpreting A* as A(1670) (Ma. ~ 1.670 GeV) the 
model is then applicable when > |q|g = 0.21 GeV^ 
(Ma = 1.116 GeV) for the reaction involving the A, and 



when > 



|q|^ 



0.17 GeV^ (Mso = 1.193 GeV) for 



the reaction involving the 



IV. CHIRAL UNITARY MODEL 

In this section, we briefly explain the description of the 
A(1670) resonance and the calculation of the correspond- 
ing form factors in the chiral unitary approach. Here we 
consider the model presented in Refs. p!?!. [Tsj. 



A. Description of A(1670) 

In the chiral unitary model, the A(1670) is dynamically 
generated in s-wave meson-baryon scattering in the cou- 
pled channels of KN, ttS, 77A, KE, ttA and rjH with zero 
total charge. Here we take small isospin breaking into 
account in the masses of the mesons and baryons. The s- 
wave scattering amplitude in these channels is calculated 
with the scattering equation given by 



T{W) = V{W) + V{W)G(W)T{W), 



(43) 



where W is the center of mass energy of the two-body 
system. Based on the N/D method with neglecting the 
left-hand cut, a solution of the scattering equation can 
be obtained by a simple algebraic equation [l^l 



(44) 



For the interaction kernel V in Eq. we take the 
lowest order of the chiral perturbation theory, which is 
the Weinberg- Tomozawa term, as 



-c, 



M, - Mj)N^Nj 



(45) 



with the coupling strength dj, the meson decay con- 
stant / being fixed as / = 1.123/^ with = 93 MeV, 
the baryon m ass Mj and the normalization of baryon 
state = ^[JS/h + Ei)/{2Mi) where is the baryon 



energy in the cm. frame. It is important to note that the 
coupling strength Ctj is fixed solely by the flavor SU (3) 
group structure of the channel, and thus once we fix the 
meson decay constant, there are no free parameters in 
the interaction P5|) . We do not include an explicit pole 
term in the interaction. This is the reason that the ob- 
tained resonance in the scattering amplitude is called a 
dynamically generated resonance. 

The diagonal matrix G in Eq. is the meson-baryon 
loop function given by 



2M, 



1 



(27r)4 p2 _ + ie [P - pf - mf 



(46) 

with the cm. energy P = (W, 0, 0, 0) and the meson mass 
vrii. The divergent loop function can be calculated in 
an analytic form using dimensional regularization, which 
isolates the divergent part from the integral. The re- 
maining finite constant being called a.i is determined phe- 
nomenologically by experiments. Here we use the thresh- 
old branching ratios of K~p to ttA and ttS observed by 
stopped K~ mesons in hydrogen [4^, 113]. In this study 
use the following constants determined in Ref. [isj : 



O'KN 



-1.84, 
-2.25, 



-2.00, 
-2.38, 



-1.83, 
-2.67, 



(47) 



with the scale of the dimensional regularization /i = 630 
MeV. 

Since the obtained amplitude is written in an analytic 
form, we can perform analytic continuation to the com- 
plex energy plain to look for resonances poles in the sec- 
ond Riemann sheet. The pole position for the A(1670) 
resonance in this model can be found at 



z = 1680- 20i [MeV]. 



(48) 



We also obtain the coupling strength of the A(1670) 
to the channel i as a residue of the scattering amplitude 
at the resonance pole. The values of the couplings are 
given in Ref. [13] • The couplings characterize the struc- 
ture of the A(1670). The A(1670) has large couplings 
to the 77A and KE channels. As discussed in Ref. [I3 
the values of the constants are very important for the 
nature of the dynamically generated resonance. If we 
take the constants determined in the natural renor- 
malization scheme which excludes the CDD pole contri- 
butio ns [l3| . we obtain a resonance pole at 1700 — 21i 
MeV [I4]. This is not so different from the pole po- 
sition (|48p determined phenomenologically by the K~p 
threshold branching ratios. This means that the reso- 
nance obtained in this parameter set is composed mostly 
by meson-baryon components. 



^ This is a consequence of the fact that we cannot have simulta- 
neously the Y and A* at rest when = 0, unless the particles 
have the same masses. Considering for instance A* at rest in the 
following. According to Eq. lf39)l . one gets P+ = (AfA* , 0, 0, 0), 



but P- 



-,0,0,-|q|(] 



Therefore Y is not at rest. 



B. Transition amplitude 

We calculate the transition amplitude of the A(1670) 
resonance using the method developed in Ref. [1^ . In the 
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following we adopt an alternative parametrization for the 
transition current to Eq. ([1]) as given in Ref. p7| : 

J^..^R = -^r^^ + • q + M^q'a ■ q, (49) 

where tr'' = (0, cr) with the Pauli matrix tr' for the hy- 
peron spin space and = (Ma' , 0, 0, 0) and are 
the A* and photon momenta, respectively. The current 
Jynr projected on the Y and I]° Pauli spinors. This 
representation is equivalent to the transition current Jy 
of Eq. ([T|) once one understands that the spin projec- 
tion on the asymptotic state Dirac spinors uy{P-t Sz) 
and Ma* (P+, is already performed in the A* rest 
frame ([M)) . The index NR is intend to indicate that 
we will make a non-relativistic reduction of the opera- 
tors and take the leading order contributions, but still 
the current itself is covariant. The parametrization 
together with the gauge invariance condition. 



<NR, 



NR„2 



0, 



(50) 



is equivalent to the representation of Eq. ([TJ . 

With these amplitudes the transition form factors are 
written as 



e 



1 



l+T 

Ma, 



My + Ma- 



My 
M^ 



M 



NR 
3 



P/(Q^) = {My + Ma^Y- 



Ma* 



1 



My + Ma- 



1 

M 



NR 
2 



My 
M^ 



(51) 



,(52) 



where r is given by Eq. ([SJ , My and Ma' are the masses 
of the hyperon Y and A*, respectively, and we set"^ 
Ma* — 1670 MeV. In the above equations, the factor 
i must be included since the form factors defined by ([1]) 
are defined without e and the transition amplitudes A4f^ 
include the factor e as shown next. The absolute phases 
of and F2 are arbitrary in the present model. Here 
we define the phases of the transition form factors ob- 
tained in the chiral unitary model so that the value of 
Ay^iQ'^) at = for each hyperon Y should be real 
and positive. This is equivalent to set the value of F2 (0) 
real and negative from Eq. ^ with F^ (0) — thanks to 
gauge invariance. 

The transition amplitudes Aif^ are calculated based 
on the Feynman diagrams shown in Fig. [I] in a non- 
relativistic formulation in which the operators are ex- 
panded in terms of l/M^ and only the leading contri- 
butions are taken. The amplitudes are decomposed in 




(a) 



(b) 



FIG. 1: Feynman diagrams for the phototransition to the 
A*. The solid, dashed, wavy and double lines denote octet 
baryons, mesons, photon and A*, respectively. The dia- 
gram (b) gives sub-leading contribution in the nonrelativistic 
limit. 



terms of the Lorentz structures given by Eq. As 
shown in Eqs. and ([5^ . the transition form factors 
can be expressed by A^^^ and Ai^^. Since it was found 

NR 



in Ref. [25[ that the diagram (c) has only M.^ ^ term, 
which is irrelevant for the form factors, we can actually 
omit the diagram (c) for the present purpose. It should 
be noted that the amplitudes A^^^ and A4^^ remain 
finite although each process contains one-loop integral. 
Since the diagram (b) has the '^BB vertex having the 
1/Mi factor, the diagram (b) gives only sub-leading con- 
tribution in the nonrelativistic limit and we neglect the 
diagram (b). 

Each vertex in the diagrams is given by the chiral ef- 
fective theory. The basic interactions of the mesons and 
baryons are given by the chiral Lagrangian: 



C 



AIBB — 



D 

F 
V2f 



Tr[S7^75{9^$,B}] 
Tr [57^75 [9^$, 5]] , 



(53) 



with the meson and baryon fields, $ and B, defined by 

r+ K+ \ 



B 



TT 

K- 



TT 
^0 







V 



V2 ' V6 
"0 



K 



P 
n 



(54) 



.(55) 



^A / 

V6 / 



The meson-baryon coupling constants are obtained from 
the Lagrangian as g\/{2f) with the axial coupling con- 
stant g\ given by D and F together with the Clebsch- 
Gordan coefficients. The parameters are fixed as 



D = 0.85 ±0.06 



F ^ 0.52 ±0.04 



(56) 



so as to reproduce the observed axial vector coupling for 
the octet baryons. The photon couplings to mesons and 
baryons are given by the gauge coupling: 



In the previous work fl7t . Ma' = 1680 MeV was used. This 
value corresponds to the real part of the pole position for the 
A(1670) in the present model. 



C^B = -eTr[B7^[geh,S]] A'' 
C^M = ^eTr[9^$[Qch,*]]A^^ 



(57) 
(58) 

and e > 0. 



with the charge matrix Qch ~ diag(|, — i, 
The KroU-Ruderman terms of the jMBB couplings are 
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obtained by replacing the derivative acting on the meson which are determined by the radii of the mesons. These 

values correspond to (r^) — 0.44 fm^ and (r^) = 0.34 fm^ 



fields 9^<I> with the covariant derivative Z3^$ = 9^$ + 
ieAp[(3ch, <!'] in the Lagrangian ([551) . The A* coupling to 
the meson and baryon has an s-wave form 

/:a*m.b, =<?A.A*$,B. , (59) 

with the coupling constant g\, determined by the chiral 
unitary model. The explicit values are given in Ref. [l3j ■ 
The amplitude given by —it = J ■ t for the diagram (a) 
with channel i is calculated as 



iQhiAi 



d^p (p-q) - a {2p - q) 
(27r)4 (P+-p)2 



1 



(p2 _ + «e)((j5 - g)^ — mf + if) 



(60) 



with Qm the meson (M) charge and Ai is given by A, = 
g\g\,Mil j . After some algebra shown in Ref. [171 [25l|. 
we obtain 

-^K = ^QmA^J^ d.J^ dyj ijP-Sl + ^ef 

x(2p+{2y-l)q + 2{l-x)P+)-e , (61) 
where S'* is defined by 

S: = 2P+ ■ q{l - x)y - Mlx{l - x) - q^y{l - y) 

+Mf{l~x)+mlx . (62) 

In Eq. (j6ip . only even powers of p give contribution af- 
ter performing the integration. The and A^^^ 
amplitudes can be calculated as finite numbers. After 
performing the integration, we get the A^^^ and A4^^ 
components for the channel i as 



M 



!(NR) 
2a 



M 



i(NR) 
3a 



QmA, 
(47r)2 

QmA, 
(47r)2 



In order to take into account the charge distribution 
of the constituent mesons and baryons, we multiply the 
transition amplitudes obtained above by the electromag- 
netic form factors of the mesons or baryons to which the 
photon couples. The dependence of the helicity am- 
plitude of the A* resonance, thus, stems from the form 
factors of the meson and baryons components and the 
intrinsic structure of the loops. For the mesons and 
baryons form factors, we take monopole form factors: 



F(g2 



A2 



A2 + Q2 



with 



A^ = 0.727 [GeV], 
Kk = 0.828 [GeV], 



(65) 



(66) 
(67) 



for the pion and the kaon, respectively. For the baryon, 
we take the same form factor as for the corresponding me- 
son to keep gauge invariance. Thanks to the practically 
negligible effect of the baryon terms, the approximation 
made there has no practical consequences. 



V. RESULTS 

We first present the results of the valence quarks (spec- 
tator quark model) and meson cloud (chiral unitary 
model) for the ^'"N A^*(1535) transition form fac- 
tors in the charge +1 channel (namely for the proton 
target case). Although some of the results were already 
reported in the previous works ^23l , [25j , we present again 
some results of the form factors, since they are important 
and can make the later discussions clearer. 

After analyzing the results for the 7*A^ -> Af*(1535) 
reaction, we will discuss the reaction 7*y — > A* for Y = 
A and The results of the ^ k* reactions will be 
compared with those of the iV*(1535). 

We recall that the applicable region of the present va- 
lence quark model is > 1 GeV^. As for the chiral 
unitary model, we cannot extend the results for an ar- 
bitrary large ^ because the amplitudes are calculated 
using the vertex given by the chiral perturbation theory. 
Therefore, we expect the results of both formalisms can 
be compared in the region (32 = 1 _ 2 GeV2, where the 
correlation between the two effects can possibly deter- 
mine the final result for the transition form factors. 

About the chiral unitary model we recall that the con- 
tributions from the valence quarks (or baryon core) for 
the form factors are real numbers. The results from 
the chiral unitary model are based on a meson-baryon 
coupled-channels formalism [13, and the states are 
constructed as a consequence of the meson cloud dressing 
of the bare octet baryons, and the transition amplitudes 
are calculated by photon couplings to the hadron con- 
stituents. In the diagrams with the baryon dressing (see 
Fig. [1]) one can have on-mass-shell states for the mesons 
or baryons, therefore the amplitudes and the form factors 
become complex number functions. As we have already 
mentioned, the absolute phase is fixed so as to make ^1/2 
to be real and positive, or equivalently real and neg- 
ative, at = 0. 



A. 7*Af -)■ iV*(1535) form factors 

The results of the covariant spectator quark model and 
the chiral unitary model for the 7*iV — A^*(1535) tran- 
sition form factors are presented in Fig. [21 The indi- 
vidual results for the helicity amplitudes were presented 
in Ref. J23|| (for the valence quarks) and in Ref. [2^ 
(for the meson cloud). The results from the covari- 
ant spectator quark model are restricted to the region 



10 



OK 
-0.05 - 

-O.lr 
-0.15 r 

-0.2- 
-0.25 - 




Valence 

Meson cloud (Re) 
Meson cloud (Im) 







0.5 



1.5 



2.5 



0.4 

0.2- 

..-^ 

g 

-0.2 
-0.4- 




Valence 

Meson cloud (Re) 

■ — ■ Meson cloud (Im) 



0.5 



1 1.5 

Q^(GeV^) 



2.5 



FIG. 2: (Color online) Valence quark and meson cloud contri- 
butions for the ■y* N A'^*(1535) transition form factors, F^{Q^) 
and (Q'^). While the valence quark contributions are obtained 
by the covariant spectator quark model [2^ . those of the meson 
cloud contributions are obtained by the chiral unitary model [25j . 
Data are from CLAS ^ and MAID 



Q > I GeV , since the applicability of the model re- 
quires g2 > ( ^^l^/f ' ) ^ 0.21 GeV^, where Ms corre- 
sponds to this case to the iV*(1535) mass [23j . 

For the 7*7V — )■ A^*(1535) reaction we can observe dif- 
ferent roles of the valence quark and meson cloud degrees 
of freedom. Since in both cases for and Fj* the imag- 
inary part is small, we will focus only on the real part. 
In Fig. [5] one can notice the dominance of the valence 
quark effect for the Dirac-type form factor , with the 
prediction very close to the data [sil HI] for > 1 
GeV^. In this case the meson cloud contributions are 
about an order of magnitude smaller than those of the 
valence quarks. As for the Pauli-type form factor F2 , one 
can see, on the other hand, that the meson cloud con- 
tributions are sufficient to explain the data for < 1 
GeV^. Furthermore, the valence and meson cloud contri- 
butions have opposite signs with similar magnitude for 
> 1 GeV^. The cancellation between the two con- 
tributions may be the main reason of the experimental 
result, F^ ~ for > i QeV^ (see F^ in Fig. [2]). 

For later convenience, we study also the falloff of the 



smooth variation with (J^) [2 
form factors can be expressed by Fi{Q'^) 

and i^,*(g2) 



A2 

^^2 



where : 
~ 2 GeV2. 



2.6 GeV^ and 



form factors for the valence quark contributions in the 
large region. Apart from logarithm corrections (very 

the falloff behavior of the 

l2^ ^ ( .A? f 

2.7 GeV^ for ~ 2 GeV^. Therefore, the 
— TV* (1535) transition form factors have much 
slower falloff than that for the nucleon elastic form fac- 
tors, where the corresponding cutoff is A^ = 0.71 GeV^. 

We recall that the individual contributions, those from 
the valence quarks and meson cloud, are based on the 
different frameworks. The valence quark contributions 
are estimated by a constituent quark model that takes 
into account the quark internal electromagnetic structure 
(including possible quark- antiquark internal excitations), 
but it does not include the processes where a meson is 
created by the overall baryon. On the other hand, the 
meson cloud contributions are estimated in the meson- 
baryon interactions where both states are considered as 
structureless particles but modified by monopole meson 
form factors (see Sec. lIVp . Due to the differences in the 
degrees of freedom used in the two approaches described 
above, we cannot simply combine the individual contri- 
butions to get total results for the form factors. However, 
the opposite signs of the individual contributions for F2 
are very suggestive, that a strong cancellation between 
the valence quark and meson cloud effects may take place 
in a unified approach. 

The results shown for the 7*A^ — > A^(1535) reaction 
suggest that the form factor representation may be very 
convenient to analyze the transition between the nucleon 
and the first excited state of the nucleon with a nega- 
tive parity. Using the form factor representation, it is 
clear that while F^* is dominated by the valence quark 
contributions, F2 may be a result of the competition be- 
tween the valence quark and meson cloud effects. This 
simple separation is not obvious in the helicity amplitude 
representation. 

The resuhs obtained for the -1* N Af*(1535) reac- 
tion, and the simplified interpretation in terms of the 
individual (valence quarks and meson cloud) contribu- 
tions, raise a question, namely, whether or not such a 
trend can be observed for similar reactions. Therefore, 
we next study the 7*A — ^ A* (F = A, Yp) reactions with 
A* = A(1670). 



B. 7*A — > A* and 7*E'^ A* transition form factors 

We now discuss the 7*F — )■ A* reactions, for Y — K 
and YP . As in the previous section we will compare the 
contributions from the valence quarks and those from the 
meson cloud dressing for the corresponding form factors. 
The results of the valence quark contributions derived 
from the covariant spectator quark model are given in 
Sec. Uni [Eqs. (IM1)-(I2Z1)]- The meson cloud contributions 
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FIG. 3: (Color online) Valence quark contributions for the ■y*Y — f A(1670) form factors, for Y = A (left panel), and y = S" (right 
panel) . 



calculated in Ref. fll\ using the chiral unitary model, are 
reviewed in Sec. |lV] [Eqs. and ([5^ ]. 



1. Results of spectator quark model 

First, we discuss the valence quark contributions, 
which are presented here for the first time, using the 
covariant spectator quark model. As mentioned already, 
the valence quark contributions depend on the two dif- 
ferent phases (signs) , t^a. , the relative sign between the 
A and A* states, and TyAs" given by the relative sign be- 
tween the A and radial wave function normalization 
constants. We first consider r]\* = 1 case, since it is 
equivalent to the phase for the iV*(1535)-nucleon case 
as already discussed. The sign was determined by the 
experimental form factor data'' 23] (see Fig. [2]). As for 
the reaction involving the TP, we take rjj^^o — 1, which is 
equivalent to state that the A and E radial wave function 
normalization constants are both positive. 

The results are presented in Fig. |31 The region 
shown is extended up to = 8 GeV^, in order to ob- 
serve better the falloff behavior of the and taking 
advantage of the covariant nature of the model. We fo- 
cus on the region > 1 GeV^ that satisfies the model 
applicable condition, ^ 0.2 GeV^ for both the reac- 
tions, since |q|oy ~ 0.2 GeV^. We can observe in Fig. [3] 
the slow falloff for the both form factors in both reac- 
tions, particularly for F^ . We will come back later to 
the falloff of the form factors. 

Another interesting point in Fig. [3] is the magnitude of 
the form factors F^ and f ^ which is very similar for the 
both cases A and S". However, the form factors for the 



The sign of the N* (1535) wave function was adjusted to g enerate 
F^iQ'^) < 0, in agreement with the data from Refs. [5ll l52| . In 
fact, for _Fj* the valence quark contributions give a very good 
approximation to describe the data |23l \2i . 



reaction with E*^ dominates over the one with A in the 
high region. This is particularly noticeable for F^ . 

The similarity between the results for 7*A — > A* and 
7*E'' — >■ A* can be understood by the expressions for 
the form factors given by Eqs. (|311)-(I3S1) and Eqs. ((55)) - 
([57)1 . In both cases there is a dependence on the over- 
lap integral ly- As the scalar wave functions have the 
same parametrization for the A and E° the difference 
in the overlap integrals in their respective rest frames 
are only due to the masses (Ma and Ms), leading to 
almost the same results for both cases. Therefore, the 
main difference in the form factors comes from the flavor 
factors that are multiplied by the overlap integrals. Al- 
though the flavor factors contain the functions /j+ , /i_ 
and fio {i = 1,2) which are dependent on Q^, we can 
make a simple estimate in the exact SU{3) limit tak- 
ing /i-i- = fi- = fio (i = 1,2). In this limit we have 
Fp{Q^) = VSFf'iQ^) {i = 1, 2) consistent with the mag- 
nitude shown in Fig. [31 We note that our results are 
different from those in Ref. [53j obtained using a con- 
stituent quark model, and also different from those of the 
chiral unitary model [l3| which shows \F^\ ^ \F^\ for 
— as seen later. This relation comes from the A* de- 
cay widths to 7 A (F^a) and 7E° (F^x;")! which are pre- 
dicted to be F^x;" ^ T^a (in general F^y cx |^^y2(0)P 
1^2^(0) P)- We recall again that the results of the present 
valence quark model are valid for ^ 0.2 GeV^ and 
the region near = is excluded, and thus we cannot 
predict the corresponding decay widths reliably. 

We discuss next the rate of the falloff of the form 
factors, again apart logarithm corrections. We mea- 

/ A"^ \ ^ 

sure the falloff based on F^{Q^) w ( a^+q^ ) 

^KQ^) « (a1^^)^ fo'" - 2 GeV2. While for 
7*A -> A*, we have A^ = 3.6 GeV^ and A^ = 3.6 GeV^, 
for 7*E0 ^ A* we have A^ = 3.1 GeV^ and A| = 3.2 
GeV^. In all cases, we have slower falloff than that for 
the 7*iV -> iV*(1535) reaction. Since in the flavor sym- 
metric limit the falloff should be same among the octet 
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baryons, the differences among N and A (or E"), and N* 
and A* , are a consequence of a special role of the strange 
quark which breaks flavor symmetry. 

There are two factors that can cause the slower fallofF 
of the 7*y — > A* transition form factors than the one 
for the 7*A^ — > A^*(1535) reaction. The first one is the 
difference in the quark distributions between the nucleon- 
iV*(1535) and the Y — A* systems. The second one is the 
difference in the kinematics between the two systems. As 
for the difference in the quark distributions, A and are 
more compact systems than that of the nucleon, because 
they have one heavier strange quark in contrast with the 
nucleon which have only the light quarks. Therefore, the 
A and are characterized by the radial wave functions 
(|18p with a larger extension in the momentum space, and 
consequently the overlap integral becomes larger than the 
one for the 7*A^ — > A^*(1535) reaction. However, this is 
not the main factor, since the parameters corresponding 
to the A and E° wave functions are not different signif- 
icantly from those of the nucleon^. The second factor 
is the difference in the kinematics between the two reac- 
tions. For the radial wave functions given by Eq. ([T8|. 
it is possible to show that the systems with the same 
parametrization are characterized by the overlap inte- 
grals ly, which are functions of the ratio (see Ap- 
pendix [B]). Therefore, the falloff of ly is determined by 
the factor The larger the ratio, the falloff is larger. 

Comparing the values of with the corresponding ra- 
tio for the j*N iV*(1535) reaction, the latter has 
the larger ratio for Q'^ — {^-^ = 0.48 compared with 
= 0.41) and this is true for also for larger values of 
Q^. This means the overlap integral has stronger fallofF 
for the j*N iV*(1535), and it is reflected on the faster 
falloff of the form factors. 

To compare the falloff for the reactions 7* A — > A* 
and 7*1]*^ A*, we need to analyze more in detail to 
explain the difference in the observed behavior, namely, 
the fallofF for the reaction involving is faster (smaller 
cutoffs) than that for the reaction involving A. In this 
case the ratios are close, — 0.41 and — 0.36, 
for = 0. The important effect now is the contribu- 
tion from the flavor factors in the form factors, given by 
Eqs. (iMl)-® and (I36l)-(l37l). The form factors for the 
reaction involving the A have dependence on the strange 
quark form factors /lo and /20, and that these functions 
have slower falloff with than those with the reaction 
involving the E*^, which depend only on the light quark 
form factors. Then, the corresponding transition form 
factors for the reaction with A also have slower falloff 



5 While the A and T,° radial wave functions are characterized 
by the parameter /Ja ~ 0.76 l28l . that of the nucleon system is 
parameterized by — 0.72 [2711 (smaller momentum scale). In 
both cases the additional range parameter is /3i « 0.05 l27l |28|| . 



than that for the reaction with E*^. 



2. Results of chiral unitary model 

Next we show the result of the transition form factors 
calculated in the chiral unitary model. In Figs. |4]and[5l 
we show the results of the Dirac- and Pauli-type form fac- 
tors, FliQ^) and F^iQ^), for the -f*Y A* transition, 
respectively. As seen in the figures, in the meson cloud 
model the F2 form factors for both cases are one order 
of magnitude larger than the F^ form factors. This is 
very similar tendency as that for the A^(1535) case. 

In Figs, m and [S] we also show the contribution coming 
from each meson separately. For the A transition form 
factors the pion contribution is very small. This is be- 
cause only the isoscalar component of the photon current 
can contribute the 7*A — > A* transition in the isospin 
symmetric limit, while the pion with isospin 1 can couple 
only to the isovector part of the photon current. Thus, 
with very small isospin breaking effect there is little pion 
cloud contribution in the 7*A A* transition. It is also 
interesting to mention that for the 7*A — A* transition 
there is cancellation between and contributions, 
while the 7*E'^ — >■ A* transition is dominated by the 
cloud component. In this way, for the both form factors 
F^ and F^ , the transition from E° is larger than that 
from A. Especially for the Pauli-type form factor, F^ is 
almost seven times larger than F^. This cancellation is 
also found for the helicity amplitudes (see Ref. [l7| for 
the details). 



3. Comparison of two models 

Finally, we compare the valence quark contributions 
with those from the meson cloud for the reactions involv- 
ing the A and E*^. The comparison is shown in Fig. [51 
for the reactions involving the A (left panel) and the E'' 
(right panel). Note that the chiral unitary model results 
have both the real and imaginary parts and the absolute 
phases are fixed at = to give a real and positive 
value of ^^'^2(0): or equivalently real and negative F^(0), 
as mentioned before. 

One can see in Fig. [6] that the imaginary part is small 
in general. Therefore, we will focus only on the real part 
hereafter. Another interesting point is that, while the 
both form factors for the reaction involving the A are 
dominated by the valence quark contributions, this is not 
the case for the reaction involving the E°. For the latter 
case one can see that the valence quark contributions for 
F^ are larger than those from the meson cloud (about 
2.5 times near — 2.5 GeV^), although the magnitude 
is similar for F^. 

A point of particular importance about F^ is the rel- 
ative sign between the valence and meson cloud contri- 
butions. Since, as mentioned before, the factor t^ae" is 
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FIG. 4: (Color online) Meson cloud contributions for the Dirac- 
type form factor (Q^) of the 7*y — > A* transition for y = A 
(left panels) and y = (right panels). The solid line shows the 
total contribution coming from diagram (a), while the dashed, dot- 
ted and dot-dashed lines denote the K~ , it and contributions, 
respectively. 



FIG. 5: (Color online) Meson cloud contributions for the Pauli- 
type form factor {Q^) of the 7*y — >■ A* transition for y = A 
(left panels) and y = (right panels). The solid line shows the 
total contribution coming from diagram (a), while the dashed, dot- 
ted and dot-dashed lines denote the K~ , it and contributions, 
respectively. 



unknown at present, we cannot decide if there is a pos- 
itive or negative interference between the contributions. 
The resuhs for the form factors involving the S° are de- 
termined using r^A'JyAEO = 1. If this is the case, there is 
a combination of the signs to enhance the total magni- 
tude of On the other hand, if the sign is opposite, 
?7a*?7m;o — —1, one can expect a cancellation between 
the valence quark and meson cloud effects, leading to a 
result F2 ~ 0, or to a magnitude similar to F^. An 
exam ple of a quark model with F^ > can be found in 
Refs. [53l[54|. Note that in case r7A*'7Aso = — 1, the reac- 
tion 7*E'^ — )■ A* has similar properties with the reaction 
7*Af — > N*{1535), discussed previously. This result sug- 
gests that the experimental determination of the sign for 
F^ is very important to pin down the relative phase be- 
tween the A and wave functions in the present model 
as we explain next. 

From the discussions above, we conclude that, if 
11 A* Vat," = +1, it is expected that F^ becomes larger in 
magnitude. In the alternative case, 77a*?7aeo = — 1, P2 
should be smaller in magnitude, and comparable with 
F^. Therefore, once the sign 77A* is known, 77ASO can 
be inferred from the result for Note also that in 

our model ryA* can be fixed by the results for the reac- 
tion 7*A A*, since valence quark effect dominates that 
transition {F^ oc 77A')- Then 7* A — > A* can be used to 



determine r/As" 1 which fixes also the sign of /iAS" • 

The covariant spectator quark model can also be used 
to calculate the valence quark contributions for the 
7*A — )■ E'^ form factors in general and the transition 
magnetic moment /.tAS" in particular. Assuming that the 
valence quark effect is the leading contribution as demon- 
strated reasonable for the octet baryon system [2^, one 
can conclude that /iAS" oc — 77ASO |48|, namely, the sign 
of /.tAs" is the opposite to that of 77aeo . Thus, once de- 
termined the sign of yyAs" corresponding to the reaction 
7* S'^ — A* , we can determine the sign of /^as" ■ 

For completeness, we also present in Fig. [7] the results 
for the helicity amplitudes and 8^/2 converted from 
F^ and F2 by Eqs. dH) and ([7]), assuming the same 
phases as the form factors^. For the 7*A — > A* reaction 
we can also observe the dominance of the valence quark 
contributions over the meson cloud contributions. As for 
the 7*I]° — >■ A* reaction, the more interesting point is 
the closeness of the valence and meson cloud contribu- 
tions for the Sy2 amplitude. Also in this case we can 

conclude that if r?A*?7Aso = +I7 Sf,2 is enhanced, while 



The helicity amplitude shown in Ref. [T^ has a different 

absolute phase from the present work. 
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FIG. 6: (Color online) Valence quark and meson cloud contributions for the ■y*Y — > A* transition form factors for Y = A (left panel), 
and Y = H'-^ (right panel). 



the alternative case, ??a*?7aso 



-1, we expect a sub- 



stantial reduction of the S^^2 arnplitude. The similarity 
in the behavior for ''^^'^ discussed before, is a 

consequence of the partial suppression of the contri- 
bution for the amplitude, due to the factor j^J^* ■ 
Another interesting point in Fig. [7] is the flatness of the 
valence quark model result for ^^^2 as a function of 
around the region = 2 GeV^. This is because the 
region = 2 GeV^ is the turning point of changing 
the dependence in the amplitude. For the larger 
region however, the expected falloff with the Q'^ can be 
observed. 



VI. CONCLUSIONS 

In this study we have analyzed the contributions 
from the valence quark and meson cloud effects for the 
7*B B* reactions with B = 7V,A, S]° and B* = 
A^(1535), A(1670). While the valence quark contributions 
are estimated using a constituent quark model [H, [13, 
[28j , those of the meson cloud are estimated using the chi- 
ral unitary model [itI . [25j . In the chiral unitary model, 
the iV(1535) has some components other than meson- 
baryon dynamics as discussed in Ref. [l^, but for the 



calculation of the transition form factors we take only 
coupling of the photon current to the meson component 
and do not take into account of photon couplings to gen- 
uine quark components. In this approach the A(1670) 
is almost composed of meson-baryon components p^ . 
Since the valence and meson cloud effects are calculated 
by the different formalisms we cannot simply combine 
the both contributions to obtain the final, total results 
for the transition form factors. Nevertheless, the magni- 
tude and signs of the individual contributions presented 
here are sufficient to conclude that it is possible to have a 
cancellation from the two effects, the valence quark and 
meson cloud effects, in a consistent, unified approach in- 
cluding the both effects. 

For the 7*iV A^*(1535) reaction, we have found dif- 
ference in signs for the two contributions for the Pauli- 
type form factor i^2*i which can be the main reason for 
the experimental observation, F2 — for > 2 GeV^. 

As for the reactions 7*^ -J> A(1670) {Y = A, we 
conclude that generally the valence quark contributions 
dominate for the y = A case, but the two contributions 
are similar for the reaction with Y = TP . A particularly 
interesting case is the form factor F2 ■ Namely, if we 
assume the same sign for the A and S radial wave func- 
tion normalization constants (t^as" = 1) and t/a* = 1, 
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FIG. 7: (Color online) Valence quark and meson cloud contributions for the 'y*Y A* helicity amplitudes for Y = A (left panel) and 
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we have an enhancement for Instead, if we assume 
ryA'jyAS" = we have a substantial canceUation be- 
tween the two effects. Then, the F2 contribution for the 
reaction cross section would be very small. 

A consequence of the observation made above is that 
the 7*2*^ — >■ A* reaction can provide an indirect method 
to determine 77AEO, which can be used to pin down the 
sign of fJ-A's" consistently within the present approach. 
This can be of fundamental importance, because the sign 
of the 7*A — ^ transition form factors, and in partic- 
ular the sign of the transition magnetic moment, fiAso, 
is not determined experimentally. Also this sign has not 
been related consistently with the other reactions so far. 
Although the sign is predicted to be negative within the 
unitary symmetry approach 55] (the same sign with the 
neutron magnetic moment), the consistency with other 
reaction was not studied within the approach. 

From the discussion made above we conclude that 
the theoretical and experimental studies of the reactions 
7*7V ^ iV*(1535) and 7*F ^ A*, with Y = A,S°, as 
well as the correlations between them, are very interest- 
ing topics of investigation. The results from these tran- 
sition form factors can be used to estimate the light and 
strange quark distributions in the baryons, as well as to 
predict other reactions. 
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Appendix A: Current matrix elements in the 
covariant spectator quark model 



In the above equation xb is determined by Eq. (jl7p for 
the momenta defined by Eq. ((39|) . Therefore, 



The calculation of the matrix elements for a transition 
between a = ^ initial state and a = ^ final 
state follows the same steps as that of Appendix B in 
Ref. [Hi for the 7*iV ^ 7V(1535) reaction. Here it is 
sufficient to note that in the transition current involving 
the the terms in {e± ■ k) vanish in the k integral. 
Therefore, only the terms proportional to the integral 



<k 



(Al) 



survive in the current. The minus sign is introduced for 
convenience. 

With this simplification we can derive the following 
results. 



P 2M 



2M 



Jk J 



' 2M '^^ 



, , 1 /_ »c7^-g. 



(A2) 
(A3) 
(A4) 
75MY |>(.A5) 



Inserting these results into the expression of the cur- 
rent, we obtain 



Jy = +e^(3ji^+jf)Xyr75 



-75- 



(A6) 



Appendix B: Overlap integral 



Consider the overlap integral in the final state (A*) rest 
frame, given by Eq. ([38]), with the radial wave functions 
of Eq. (UHl), 



NaMy 



mjy Jk |k| U/5i+XA-)(/53+XA-) 



1 



(/3i + xy)(/?3 + xy) 



(Bl) 



and 



where 



Xy 



XA- = 2 

mo 



Ey Ejj 



(B2) 



My mjj My 



My V M^ 



(B3) 



(B4) 



From Eq. (|B2p we can see that XA* has no dependence 
on (or |q|y), and that from Eq. (IB3P xy is a function 



(B5) 



of the ratio -xp-. Therefore, we can write 



|q|y 

My 



Furthermore, since xy increases when increases, we 
can conclude that the absolute value of the integrand 
function in Eq. (IBip decreases with for a given k, and 

therefore \Iy\ decreases when the ratio -^^^ increases. 
These results show that, when we have two reactions de- 
scribed by the same radial wave function (the same values 
for the parameters /3i and /Ja), the reaction with larger 
ratio for a given Q^, gets the smaller value for \Xy\- 

A simple consequence of the above result applies for 
the nucleon-A^*(1535) and A — A* transition form factors, 
when the wave functions are parameterized exactly the 
same, ^ for the nucleon case is larger than ^-jj^ for the 
A case, and we have. 



Ma 



|Ia(Q')| > \Xn{Q% 



(B6) 



This relation also explains the faster falloff of the 7* ^ 
A* (1535) transition form factors than that of the 7* A ^■ 
A* transition form factors. 
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